tonin reuptake inhibitors, and certain calcium channel blockers have all been associated with secondary RLS. 1, 3 Chronic obstructive pulmonary disease (COPD) is characterized by progressive and irreversible airway obstruction and recurrent acute attacks. 4 The frequency of RLS in patients with COPD and the relationship between RLS and the clinical/laboratory findings of COPD are unclear. Very few publications have investigated the relationship between COPD and RLS.
In 1970, Spillane et al reported eight RLS patients who suffered from COPD. 5 They suggested that hypoxia, hypercapnia, or other metabolic disorders were associated with RLS in COPD patients. In a recent study by Banno et al, 218 patients with RLS (103 males, 115 females) were evaluated for accompanying etiologic factors and gender distribution. 6 In this study, COPD was associated with RLS in a total of 62 (28.4%) patients (27 males, 35 females). However, the authors failed to demonstrate the relationship between RLS and the clinical and laboratory indicators of COPD.
We observed many patients with COPD who complained of abnormal sensation in the extremities, particularly in the legs. This observation drew our attention to a possible link between RLS and COPD. To further explore this association, we evaluated the prevalence of RLS in a sample of patients with COPD. In addition, we compared clinical and laboratory findings for COPD patients with or without RLS.
MATERIALS AND METHODS

Study design
This cross-sectional clinical study was conducted between January and December 2006. The study was performed in accordance with the Declaration of Helsinki. All patients provided written informed consent and received a detailed explanation of the study and its procedures.
Patients and evaluation
The patients were diagnosed with COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria in the Pulmonary Diseases Outpatient Clinic of the Medical Faculty of Gaziosmanpasa University. All patients were consecutively admitted to the Department of Pulmonary Diseases and enrolled in the study.
The inclusion criteria were as follows: >18 years of age, clinically stable COPD, absence of any pulmonary disease except COPD, absence of pulmonary and extrapulmonary malignancies, and absence of peripheral vascular disease.
We excluded all patients with a history of diabetes mellitus, uremia, anemia, iron deficiency, rheumatoid arthritis, pregnancy, caffeine and alcohol abuse, malnutrition, systemic disease, primary sleep disorders, neurological disorders, medications that increase RLS symptoms, or a family history of RLS.
Patients with COPD were evaluated by a neurologist. Patients without a history of neurological disorders who demonstrated signs or symptoms of nervous system involvement during this evaluation were also excluded.
Standardized laboratory tests (measurement of erythrocyte sedimentation rate, hemogram, glucose, transaminases, urea, creatinine, protein electrophoresis, vitamin B12, iron levels, urine analysis) were performed to detect diseases that might predispose to polyneuropathy (PNP) or RLS.
The diagnosis of RLS rests on clinical grounds. As there was no validated Turkish RLS diagnostic questionnaire, we used one that was prepared specifically for this study, based on the International RLS Study Group (IRLSSG) criteria. 7 Disease duration (years) was recorded in diagnosed RLS patients and those patients were classified as Group 1.
The Johns Hopkins Severity scale (JHS) was used to determine the severity of RLS symptoms. Patients with RLS symptom severity of 0, 1, or 2 were classified as the JHS 0-2 subgroup, and those with a score of 3 were classified as the JHS 3 subgroup.
The control group included age-matched COPD patients without RLS. The inclusion and exclusion criteria of the patient group were also applied to the controls.
For each patient in Group 1 and the control group, a pulmonary specialist completed a form that included demographic data like age, sex, body mass index (BMI), duration of COPD symptoms, and cigarette smoking (packs/year).
Neurological examination
Both symptomatic and asymptomatic patients in both groups underwent a detailed neurological examination.
Special care was taken to detect polyneuropathy (PNP). The following peripheral neurological examination procedures were used. The presence or absence of motor deficits was recorded for each limb. Fine touch was measured using a 5.07 Semmes-Weinstein monofilament. Position sensation was tested. Vibratory sense was evaluated using a C-128 tuning fork. Intact vibratory sensation was defined as the perception of vibration, buzzing, or tingling. Muscle stretch reflex abnormalities of the arms (biceps brachi, triceps brachii, and brachioradialis) and legs (quadriceps femoris, gastrocnemiussoleus) were recorded as absent if even reinforcing methods failed to elicit a response, and as reduced if they were less brisk compared to more proximal tendon reflexes in the same patient.
For the diagnosis of definite clinical PNP, tendon reflexes had to be absent or markedly diminished bilaterally on a proximaldistal gradient and at least one or more complete, bilateral sensory or motor deficits had to present. The decision to consider only bilateral deficits was intended to exclude cases of mononeuritis, radiculopathy, injuries, and other neurological diseases.
Respiratory function tests and arterial blood gas analysis
Respiratory function tests and arterial blood gas analysis were performed for all patients in Group 1 and the control group.
Respiratory function tests were performed using a computerized device (Jaeger APS pro), with the patients sitting upright during the tests. The best of three consecutive tests was used in the analysis. Forced expiratory volume in one second (FEV 1 ), forced vital capacity (FVC), FEV 1 /FVC, peak expiratory flow rate (PEF), forced expiratory flow (FEF 25-75%) were measured.
pH, arterial oxygen tension (PaO 2 ), arterial carbon dioxide tension (PaCO 2 ), and arterial oxygen saturation (SaO 2 ) were analyzed in blood samples drawn from the radial artery.
Group 1 and the control were compared with respect to demographic data, serum iron levels, frequency of PNP, respiratory function tests, and arterial blood gases. The same parameters were also compared between subgroups JHS 0-2 and JHS 3.
Statistical analysis
The Statistical Package for the Social Sciences (SPSS, version 12) was used for all statistical analyses. Data are presented as the mean ± SD. We used Student's t test and the Mann−Whitney U test for comparison of continuous parametric variables between groups. The Fisher exact χ 2 test was used to compare categorical variables. Multivariate stepwise logistic regression analysis was performed to identify relationships between the studied variables and RLS severity in patients with COPD. A Pearson correlation test was used to establish the relationship between the duration of RLS and COPD. P < 0.05 was deemed statistically significant.
RESULTS
One hundred and thirty-four patients with COPD (males, 112; females, 22; mean age, 61.3 ± 6.78 years; range, 41-79 years) were included in the study.
Thirty-nine (29.1%) patients met all RLS diagnostic criteria. This group (Group 1) consisted of 5 females and 34 males.
The mean age of patients in Group 1 was 63.61 ± 8.98 years, and that of the remaining 95 patients was 59.55 ± 10.83 years (t, 2.07; P < 0.05). Because age differed significantly between groups, age-matched control subjects (± 3 years) were selected from the remaining 95 patients. Therefore, 6 female and 59 male COPD patients were included in the control group.
Demographic and clinical characteristics
No significant difference existed in age, gender, cigarette smoking (packs/year), body mass index (BMI), or serum iron levels between groups.
The mean COPD duration in Group 1 was 11.72 ± 7.46 years, whereas that of the control group was 6.38 ± 5.53 years; this difference was statistically significant (z, -3.745; p, 0.0001).
In addition, PNP frequency was significantly higher in Group 1 compared to the control (15 versus 10; χ 2 , 12.387; p, 0.002). The basic demographic data and clinical characteristics of the groups are described in Table 1 .
The mean COPD duration was 11.72 ± 7.46 years, and the mean RLS duration was 5.26 ± 8.98 years. The Pearson correlation between these two variables was strongly significant (r, 0.817; p, 0.001).
Respiratory function tests and arterial blood gas analysis
Respiratory function tests showed significantly more severe airway obstruction (FEV1, < 1.5 l) in Group 1 compared to the control group. They were also significantly more hypoxemic and hypercapnic than patients in the control group. The results of these respiratory function tests and arterial blood gas analysis are shown in Table 2 .
Comparison of clinical and laboratory characteristics between subgroups
No significant differences were observed in mean age or BMI between the subgroups of patients with RLS. In addition, both groups showed a similar frequency of PNP (8 in Group 1 versus 7 in the controls; χ 2 , 1.950; p, 0.163). In the JHS 3 subgroup, mean cigarette smoking was 46.92 ± 47.10 packs/year, compared to 28.88 ± 21.86 packs/year in the JHS 0-2 subgroup; the difference between these groups was not significant (t, 1.645; p, 0.109).
The mean duration of COPD was significantly longer for patients in subgroup JHS 3 (17.31 ± 6.63 years) compared to subgroup JHS 0-2 (8.92 ± 6.26 years; t, 3.86; p, 0.0001).
The mean duration of RLS in the JHS 3 subgroup was 8.59 ± 3.73 years, compared to 3.59 ± 2.89 years in the JHS 0-2 subgroup; this difference was also statistically significant (t, 4.615; p, 0.0001). The clinical characteristics of both subgroups are presented in Table 3 .
Respiratory function tests showed significantly more severe airway obstruction in the JHS 3 subgroup compared to the JHS 0-2 subgroup. Moreover, patients in the JHS 3 subgroup were significantly more hypoxemic and hypercapnic than patients in the JHS 0-2 group (Table 4) .
Multivariate stepwise logistic regression analysis was performed to detect relationships between the study variables and RLS severity in patients with COPD (Table 5 ). When RLS severity was a dependent variable, PCO 2 made a significant independent contribution to patients in the both JHS 0-2 and JHS 3 subgroups [odds ratio (OR), 1.732; 95% confidence interval (CI), 1.38-2.17; p, 0.0001 versus OR, 1.74; CI, 1.27-2.37; p, 0.0001, respectively]. The presence of PNP and the duration of COPD were significant independent variables only for patients in the JHS 3 subgroup (OR, 6.417; 95% CI, 1.78-23.12; p, 0.004 and OR, 1.25; CI, 1.11-1.41; p, 0.0001, respectively). The PNP was the strongest predictor for patients in the JHS 3 subgroup.
DISCUSSION
In the present study, the prevalence of RLS in COPD patients was investigated using the IRLSSG criteria. We also examined clinical features, respiratory function tests, and arterial blood gas analysis in patients who had both COPD and RLS.
Our first major finding was that 29.1% of COPD patients also suffered from RLS. Epidemiological studies have suggested that RLS affects 1-15% of the world's different general populations. 1 A higher-than-normal prevalence (20-30%) of RLS has been found in patients with anemia, pregnancy, uremia, neuropathy, multiple sclerosis, and rheumatoid arthritis. 1, 3, 8 The prevalence of RLS in COPD patients in our study was higher than that in previous community-based studies. Moreover, the prevalence may be close to that observed for the diseases mentioned above.
The role of gender as a risk factor in COPD remains unclear. Most studies have shown that COPD prevelance and mortality are greater among men than women. 9, 10 Consistent with these data, our COPD patients consisted mainly of male patients (112 versus 22 females). Therefore, the RLS patients in our study also showed a marked preponderance of males (34 versus 5 females). This conflicts with a previous studies showing that the incidence of RLS in women is twice that in men. 1 The second major finding was that the duration of COPD was longer and that airway obstruction, hypercapnia, and hypoxia were more evident in the patients with RLS than patients without RLS. Similar differences were observed in the JHS 3 subgroup compared to the JHS 0-2 subgroup. There was a strong, significant, positive correlation between the duration of RLS and COPD. Moreover, multivariate stepwise logistic regression analysis demonstrated that the duration of COPD was a predictor of severe RLS in COPD patients. These results indicate that RLS may occur more frequently and be of longer duration in advanced COPD patients. We could not find any published study which has evaluated the prevalence or clinical features of RLS in COPD patients except one study. Spillane et al described eight severe RLS patients suffering from severe COPD. 5 They found that all neurologic examinations were normal. In four of these patients, electroneuromyographies were normal. In addition, they did not find nervous system diseases, PNP, or peripheral vascular diseases in their patients. Spillane et al suggested that hypoxia and hypercapnia or other metabolic disorders were associated with RLS in these patients.
In our study, 15 of 39 (38.4%) of RLS patients had definite findings of PNP, detected via neurological examination, and this rate was significantly higher than in the control group. Moreover, multivariate analysis revealed that PNP is the strongest predictor of severe RLS in COPD patients.
Previous studies have demonstrated that PNP is common in patients with COPD, and that neuropathy increases with hypoxia. [11] [12] [13] [14] [15] [16] On the other hand, PNP is one of factors associated with RLS. 3 Kaycan et al investigated neurophysiological changes in the peripheral and central nervous systems in COPD patients with moderate to severe hypoxemia, and found that airway obstruction and long-lasting COPD may not only cause PNP, but also affect the ponto-medullary portion of the brain by altering blood gases, resulting in hypoxemia, hypercapnia, and respiratory acidosis.
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The exact cause of RLS is still unknown. However, the dramatic therapeutic effect of dopaminergic agents supports the hypothesis that RLS is the result of a malfunction in the central, rather than the peripheral, nervous system. 3 In electrophysiological studies investigating the pathophysiological role of the peripheral nervous system, tibial and median nerve stimuli responses were normal, revealing that primary sensorimotor disorders are not involved in RLS. 10 The triggering of RLS in patients with PNP may induce the pathological activation of movement generators, which may have a lower threshold due to neurochemical disturbances. These generators are most probably situated in the formatio reticularis or in spinal dopaminergic cells. 3 These data suggest the posibility that the central nervous system affects in severe COPD patients with PNP, particularly the brain-stem, and may have subsequent effects related to RLS pathophysiology in COPD patients.
However, in 24 of 39 RLS patients, PNP and any other diseases related to RLS were absent. In our multivariate models, we found that hypercapnia was predictive of both mild and severe RLS in COPD patients; however, the relationship between RLS and hypercapnia or hypoxia is unclear in the literature. 
The effects of hypercapnia and hypoxia on the central nervous system has been examined by measuring brain-stem auditory evoked responses (BAERs). In dogs, Kajimoto et al detected a transient increase in the amplitude of all the BAERs, which preceded the prolongation of latency, in response to hypoxia. 17 Friss et al demonstrated significant prolongations of BAER wave V and the interpeak interval III-V in preterm infants in a hypercarbic state. 18 In so far as prolonged latencies are thought to be due to impaired nerve conduction velocity or synaptic efficiency, they speculated that such changes indicated that hypercarbia had a deleterious effect on neuronal function. We speculate that hypercapnia and/or hypoxia, even without PNP, may be related to RLS pathophysiology in COPD patients as a trigger or initiating factor for RLS development in the central nervous system.
Our study had several limitations. First, we did not establish a causal mechanism between RLS and COPD, and we did not evaluate possible changes due to hypoxia or hypercapnia in RLS-related regions of the central nervous system, using neurophysiological methods or neuroradiological images. Second, we did not perform electromyography or nerve conduction studies in our patients. Instead, our analysis was mainly based on clinical data. In both patient and control groups, the actual number of cases with possible electrophysiologically detectable PNP may be higher than that found in our study. Third, abnormal cerebral iron metabolism is implied in all forms of RLS, 19 but there were no significant differences in serum iron levels between our study groups and we did not collect data regarding central iron metabolism. Fourth, our patients were greater than 60 years old. Because advanced age is a risk factor for RLS, age itself may have contributed to the observed high prevalence of RLS.
To the best of our knowledge, this is the first study to explore the frequency and clinical features of RLS in patients with COPD, and we believe that further comprehensive studies are required.
In summary, we can conclude that RLS is frequent in COPD patients, particularly in patients with severe hypoxemia/ hypercapnia and in late stages of the disease. In addition, COPD can be added to the list of secondary causes of RLS, along with anemia, uremia, pregnancy, and rheumatoid arthritis. We suggest that early diagnosis and treatment of RLS in COPD patients is very important for preventing morbidity and increasing quality of life.
